the WHO Eastern Mediterranean region suggested that waterpipe smoking rates among 13-15 years old range from 6% to 34%. 2 Several factors have contributed to the increase in waterpipe smoking, including targeted marketing and the use of sweet additives to attract use by women, young girls and boys. Waterpipe smoking is considered as a form of social smoking because pipes are shared among friends and family and it carries less social stigma than cigarette smoking in many countries. Finally, waterpipes may be used as a substitute for cigarette smoking because they are perceived by many users as posing less health risks than cigarettes.
However, the perception of waterpipe use as a safer smoking option is unjustified since, like cigarette smoking, waterpipe use increases the risk of lung cancer and respiratory diseases. 3 For example, it has been reported that nicotine absorption from daily waterpipe use is equivalent to that produced by cigarette smoking. 4 Exposure to carbon monoxide, which is one of the major cardiovascular risk factors associated with smoking, may even be higher for waterpipes than for cigarette smoking. 5 Although it is now recognized that waterpipe smoking is an important risk factor for chronic obstructive respiratory disease (COPD), there is little information on the extent of this risk in countries such as those in the Middle East region where waterpipe use is significant.
The BREATHE study was a large epidemiological survey of COPD in the general populations of 11 countries in the Middle East and North Africa (MENA region). 6 This study systematically collected data on respiratory symptoms, smoking habits, including waterpipe use, and burden of COPD. In this study, rates of waterpipe use in an older population of subjects aged ≥40 were 3.5%. 7 These data present an opportunity to describe waterpipe use and characteristics of users in more detail among the general population of the MENA region and this article presents the results of this analysis.
Methods
This analysis was performed on data from the BREATHE study, whose methodology has been described in detail elsewhere. 6 Briefly, this study was a cross-sectional epidemiological survey of COPD conducted in a random sample of the general population of 11 countries: Algeria, Egypt, Jordan, Lebanon, Morocco, Pakistan, Saudi Arabia, Syria, Tunisia, Turkey, and UAE between June 2010 and December 2011. The present analysis concerned data related to waterpipe use.
Study Sample
A general population sample of 10 000 subjects in each country was generated from random telephone numbers. When the initial telephone contact had been made, the interviewer explained to the interviewee the goal of the study and invited him or her to participate in the study. All subjects (men or women) aged ≥40 years, who agreed to participate in the study were included. A structured interview was carried out by telephone, using an initial screening questionnaire to identify subjects with COPD. The study population analyzed in the present article consisted of all subjects who completed the screening questionnaire and who claimed to use a waterpipe (alone or with cigarettes), irrespective of whether they screened positively for COPD or not.
Study Procedure
The present analysis was performed using data from the screening questionnaire used in the BREATHE study. This questionnaire included 18 questions relating to patient demographics, self-reported respiratory symptoms (breathlessness and productive cough), whether COPD, chronic bronchitis or emphysema had been diagnosed, presence of a potential concomitant disease and smoking habits (cigarettes or waterpipe). The items related to smoking habits collected data on history of smoking, type of tobacco used and frequency of smoking. This questionnaire was completed by 62 086 subjects 6 and the data collected were used to identify subjects who fulfilled an epidemiological case definition of COPD (N = 2187 subjects). 8 
Statistical Analysis
Data presented in this study is principally descriptive. Categorical data are presented as frequency counts and proportions and continuous variables as means with SD. Frequency rates were calculated with their 95% confidence limits and were adjusted for age and gender when necessary. Categorical variables were compared using the chi-square test and the Mantel-Haenszel test as appropriate.
The relationship between waterpipe use and self-reported respiratory symptoms was evaluated by two methods. Firstly, multivariate logistic regression analyses were performed for each of three respiratory symptoms (productive cough, breathlessness, and chronic bronchitis) in which waterpipe use and cigarette smoking were introduced as explanatory variables together with three confounding factors, whose distributions were known to differ between waterpipe users and presenters of respiratory symptoms, namely gender, age and country of residence. In addition, given the large proportion of waterpipe users who also smoked cigarettes, an interaction term for these two variables was also introduced into the multivariate regression analysis. The second method was a matched pairs analysis comparing the frequency of the three respiratory symptoms of interest in exposed subjects (waterpipe users who did not smoke cigarettes) to a matched unexposed group who smoked neither waterpipes or cigarettes. For each exposed subject, three unexposed subjects matched for age, gender and country of residence were randomly selected. The frequency of respiratory symptoms between the exposed and unexposed groups was expressed as an odds ratio.
All statistical tests were two-tailed with a probability of .05 taken as the upper boundary for significance. Analyses were performed using SPSS Version 17 (IBM Corp, Armonk, NY).
Ethics
The study was conducted according to the principals of Good Epidemiological Practices. None of the participating subjects received any emolument for their participation in the study. Because participation in the survey had no repercussion on medical care, ethics committee authorization was not required. All data collected were kept confidential and anonymous.
Results

Study Sample
The BREATHE study enrolled 62 086 subjects who completed the screening questionnaire. A total of 18 938 subjects reported current or past smoking of either cigarettes or waterpipes (or both). Waterpipe use was reported by 2173 subjects (3.5% [95% CI: 3.4%-3.6%] of the general population), and these subjects constituted the study population.
Characteristics of Waterpipe Users
Among the study population (2173 subjects), somewhat less than half smoked both waterpipe and cigarettes (934 subjects; 43.0% of all waterpipe smokers). Demographic characteristics of these subjects are presented in Table 1 . The majority of waterpipe smokers were men (82.0%) and waterpipe smoking was most frequently reported by subjects aged 40-49 years.
The subgroup of subjects who reported smoking only waterpipes and not cigarettes consisted of 928 men (74.9%) and 311 women (26.1%). This subgroup was predominantly young, with 702 (56.7%) aged between 40 to 49 years, 331 (26.7%) aged 50-59 years and 206 (16.6%) aged ≥60 years.
As previously reported, 7 rates of waterpipe use varied markedly between countries, being highest in Saudi Arabia, Egypt, and Lebanon and low in the Maghreb countries of North Africa and in Turkey. Waterpipe use by women was only significant in the Gulf countries and the Near East ( Figure 1 ). Table 2 presents the extent of waterpipe consumption in terms of hours smoking per day, years of smoking, and a composite measure of exposure (hours × years). Overall, the majority of subjects (>90%) smoked a waterpipe at least 1 hour per day. The mean time spent smoking each day was 2 hours in both men and women, although women reported smoking for durations <2 hours per day more frequently than men, whereas men reported longer daily smoking durations than women. The modal smoking duration was 1 hour per day (46.5% of subjects), with a higher proportion of women than men (51.3% vs. 45.4% respectively; p = .02). Mean daily smoking duration tended to increase with age in men but not in women.
Waterpipe Use Habits
Over half of subjects involved in the study (56.6%) had been smoking waterpipes for at least 10 years, although around onequarter of men of all age groups and of younger women had started to smoke waterpipes during the previous 5 years. Unsurprisingly, mean smoking years increased with age. For the composite measure of exposure, mean exposure was around 30 hour-years in both men and women, with a positive association with age.
Data on use of both waterpipe and cigarettes was available for 2132 subjects, of whom 905 subjects (42.4%) also reported smoking cigarettes. Overall, the proportion of cigarette smokers was higher in waterpipe users than in the general population (43.0% vs. 28.6%; Table 1 ). Almost all cigarette smokers were men (n = 827; 91.4%) and the majority (n = 601; 72.7%) smoked at least 20 cigarettes per day (Supplementary Table 1 ). However, the majority of younger men (56.3%) reported that they never smoked cigarettes in addition to waterpipes.
Waterpipe Use and Respiratory Symptoms
Self-reported breathlessness and chronic bronchitis symptoms were reported significantly more frequently in waterpipe smokers than in the BREATHE general population (Table 1) . Similarly, waterpipe smokers had more frequently received a diagnosis of emphysema and chronic bronchitis.
A multivariate logistic regression analysis was performed to evaluate the association between waterpipe use with self-reported respiratory symptoms independently of identified confounding factors. In this analysis, waterpipe use was associated with a significantly higher risk of productive cough, breathlessness and chronic bronchitis ( Figure 2 ). This risk was independent of, and somewhat lower than, the risk associated with cigarette smoking. In addition, no significant interaction between waterpipe use and cigarette smoking was observed for any of these three respiratory symptoms.
Respiratory Symptoms in Patients Using Waterpipe Alone
In the subset of subjects who reported smoking waterpipes alone (N = 1239 subjects) the presence of respiratory symptoms (productive cough, breathlessness or chronic bronchitis) was reported by a total of 241 (19.5%) subjects. Overall, breathlessness was the most frequently reported symptom (11.3% of subjects) followed by productive cough (6.0%) and chronic bronchitis (2.2%). The proportion of subjects reporting productive cough and breathlessness was significantly higher in subjects who only smoked waterpipes than in a matched sample of unexposed nonsmokers (neither cigarettes or waterpipes) and a similar not significant trend was also observed for chronic bronchitis ( Table 2) .
The distribution of symptoms according to the extent of waterpipe consumption could be documented for 1227 subjects ( Table 3) . The proportion of patients presenting respiratory symptoms was similar across all exposure groups.
Discussion
This study described waterpipe use and characteristics of waterpipe smokers in a randomly selected sample of the general population of 11 countries of the MENA region. The analysis was performed in 2139 subjects enrolled in the BREATHE study who completed the screening questionnaire and documented their waterpipe use. To our knowledge, this is the first study that has evaluated the characteristics of subjects using waterpipes across different countries using a standardized methodology, in a region where waterpipes are widely used.
Over 80 percent of subjects reporting using waterpipes were men. This finding may be related to the social dimension of waterpipe smoking in the MENA region, where the majority of users smoke waterpipes in the company of friends and family, in general in cafés which are principally frequented by men rather than women. Nonetheless, under-reporting of waterpipe smoking by women due to associated stigma cannot be excluded. In addition, the overall proportion of women reporting waterpipe use obscures large differences between countries, with almost as many women as men reporting use in the Lebanon and virtually no use being reported by women in the Maghreb countries or in Turkey. This may reflect sociocultural differences, as Lebanon is a highly urbanized country where the role of women in society is closer to the European model. Moreover, waterpipe smoking carries less of a culture stigma In the MENA region than does cigarette smoking, which may encourage women to smoke. The majority of waterpipe smokers were included in the youngest age group (40-49 years). However, it is important to note that our study was performed only among subjects aged ≥40 years and those under this age were not included. Waterpipe smoking is particularly appreciated and indulged in by young people 1 and the extent of waterpipe use is no doubt underestimated due to the exclusion of this segment of the population, who constitute the majority of the population of the MENA region. Sharing waterpipes is very common in young people, for whom the waterpipe is considered a desirable vehicle of social interactions, with the misperception that waterpipes are "healthier" than cigarette smoking. In addition, the introduction of sweetened and flavored waterpipe tobacco mixture such as "Maasel" and the targeted marketing strategies disseminated throughout media and internet should also be considered in the increasing interest of young people for waterpipe smoking which is observed worldwide. 9 With respect to the duration of use, this study revealed that over 90% of subjects used waterpipe at least 1 hour per day and that almost one-third (29.3%) of subjects had smoked waterpipes for at least 20 years. Men spent more time smoking per day than women. Previous published data on the duration of waterpipe smoking in the general population is very limited.
The proportion of subjects using waterpipe alone who reported productive cough and breathlessness was significantly higher that observed in an age, sex, and country matched sample who smoked neither waterpipes nor cigarettes. This observation highlights the risk of respiratory disease in individuals who are exposed to waterpipe smoke even when they do not smoke cigarettes as well. In addition, in the whole BREATHE population, exposure to waterpipe smoke was identified in the multivariate analysis as associated with an increased risk of respiratory symptoms independently of the risk bestowed by cigarette smoking.
Breathlessness was the most frequently symptom (11.3%), followed by productive cough (6.0%) and chronic bronchitis (2.2%). These findings are generally consistent with those of previous studies. A study performed in Iran in 57 subjects using waterpipe revealed that breathlessness was the most frequently reported respiratory symptom (37%) followed by wheeze (23%) and cough (21%). 10 A Lebanese study, 11 performed in adults aged over 40 years in 2010, reported that the proportion of women waterpipe smokers with respiratory symptoms was significantly higher than that of male smokers, and that women were more likely to be addicted to waterpipe than men.
11
Exposure to carbon monoxide, which is present at high levels in waterpipe smoke and which contributes to decreased oxygen saturation in arterial blood, 12 may be even higher for waterpipe than for cigarette smoking. A study has shown that the level of carbon monoxide expired by cigarette or waterpipe smokers before and after smoking increases by 100% in cigarette smokers and by 450% in waterpipe smokers. 5 This may account for the observation that longterm waterpipe smoking is an important risk factor for cardiovascular diseases, with individuals accumulating greater than 40 years of use being almost three times more at risk of having severe stenosis than nonsmokers. 13 It might be expected that the frequency of respiratory symptoms would be related to the extent of waterpipe smoking. However, we were not able to demonstrate such a relationship, although it should be borne in mind that our study was not designed to assess this relationship. It is possible that the extent of use was not documented accurately from self-report, that the cut-off values separating different categories of extent of use were not appropriate or that a potential dose-effect relationship is not sufficiently steep to be detectable with the sample size of our study. Our results can also be compared to those found in a case-control study performed in Lebanon in 2010 14 which evaluated the relationship between waterpipe smoking (alone or with cigarette smoking) and chronic bronchitis, in which chronic bronchitis was associated with dependence on waterpipes, but not with waterpipe use alone. In this study, the number of waterpipes smoked each week was associated with an increased risk of chronic bronchitis and this may be a critical exposure variable in the development of respiratory symptoms. This information was not available at the time the BREATHE study was designed and the number of waterpipes smoked was thus not documented. This would undoubtedly be of interest in future general population studies of this kind. This study presents certain limitations which should be borne in mind in the interpretation of the findings. A major one, as mentioned above, is that it was performed only among subjects aged ≥40 years. Future studies describing waterpipe use and users should be performed in broader age groups. Secondly, information on respiratory symptoms was collected only from subject interview and it was not possible to ascertain their presence or severity using spirometry given the context of the study (telephone interview). For this reason, there is likely to be some imprecision in the estimate of frequency of these symptoms. We also did not document the context of waterpipe smoking, and notably factors which have contributed to the global emergence of waterpipe smoking, such as the use of Maassel, frequentation of dedicated "waterpipe cafés" and the entourage with whom waterpipes are smoked. Moreover, in this study a structured interview was used in order to collect data from the subjects with no independent means of ascertaining the information. Recall bias may be present, particularly in relation to the duration of waterpipe use and some subjects may have underestimated the extent of their waterpipe use out of fear of negative perceptions by the interviewer, or by other family members who may have been able to overhear the conversation, or out of unwillingness to accept the magnitude of their smoking habit. In addition, the questionnaire asked whether subjects had ever smoked waterpipes and it was thus not possible to distinguish between ex-smokers and current smokers, which may have led to some loss of precision in determining the relationship between waterpipe smoking and respiratory symptoms.
Conclusion
The findings of this study confirm that the use of waterpipe in the MENA is widespread in the general population and is associated with an increased prevalence of respiratory symptoms. These findings highlight the necessity of considering waterpipe smoking, like cigarette smoking, as an important risk factor for COPD.
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